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Project Description: 
 

Project Summary: 

Our design project is the automated temperature sampler for Eagle Electric Engineering            

Enterprise. The design project consists of developing a device that will travel around the ribs of a                 

submarine as the hull is being welded on. As this sampler is travelling around the rings that make                  

up the ribs it will periodically stop and sample the temperature of hull. It will then send the                  

temperature and location data to an HMI device that a welding technicians can look at in order to                  

determine which part of the hull is ready to be welded into place. The technician is not required                  

to watch the machine the entire time. The sole purpose of the machine is to gather temperatures                 

for the welders. 

To accomplish this task the sampler will essentially be constructed as an upside down ‘U’               

shape with three rollers: one on each side facing inward. The whole assembly will sit on the                 

upper edge of the rib. One of the rollers will be driven and another will be encoded so that the                    

sampler can keep track of itself. Whenever it stops to sample, a probe will extend out until it                  

touches the hull. When the device finishes sampling, it will retract the probe and send the                

temperature and location data to the HMI device. It will then continue along the rib until it                 

reaches its next sample point. It will avoid the welding technicians using ultrasonic sensor and if                

someone or something is detected, the sampler will either wait for the obstruction to move or it                 

will go back around the ribs in the other direction. The HMI device will be an android tablet with                   

an accompanying app. This app will have rudimentary controls to start and stop the device and a                 

simple display showing the temperature of the hull along different points of the rib. 

The body of the sampler will be constructed from aluminum to keep it both durable and                

lightweight. This will increase the speed of the sampler, its efficiency, and its longevity. The               

microcontrollers of the sampler and all the circuitry, barring motors, temperature probe, and             

ultrasonic sensors, will be enclosed to protect from the harsh welding environment and mitigate              

some potential points of failure. 

 

 

4 



Motivation For Project: 

The process of building a submarine is extremely rigorous. Since every component is             

mission critical there is no other choice but to make the absolute best welds possible. If the hull                  

is not the right temperature before welding expand and deform. When the welded hull is cooled                

it will be warped, putting extra stresses on the welds increasing the weld’s chances to fail.                

Normally the hulls are heated with large heaters to prevent this. Unfortunately these heaters are               

powerful enough to overheat the metal which causes the same types of problems as underheated               

metal. Previously 4E had developed a system of temperature probes attached directly to the              

heaters. Due to the technicians many duties they often would not retract the probes between uses                

which resulted in destroyed probes and bad temperature readings. Currently the system in place              

is to mark the hull with a wax marker. As soon as the wax melts the technicians know that the                    

hull is at least hot enough to weld, potentially hotter. With this in mind 4E was contracted to                  

construct a sampler that would do the job of the heater temperature probes more accurately and                

without the technicians having to retract the probes between uses.  
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Functional Specifications: 

● Run Time 

○ Last for eight hours (work Day) 

● Speed 

○ Able to complete one lap of 150 feet in circumference in a minute 

● Durability 

○ Withstand hard labor use 

○ Withstand heat 

○ Needs to be able to work through dust and grease 

● Cost 

○ Reasonable low cost for productivity 

● Accuracy 

○ Measure very accurate temperature to ensure readings are true 

● Controls 

○ Motors need to run on 20 volts DC 

○ 4 arduinos are being used to control the sampler. 3 slaves and 1 master. 

○ Encoder needs to measure current distance to within an inch over the 
circumference of the ring 

  

6 



Block Diagrams: 
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Details of Product Specifications: 

Motor Controls: 

● DF-MD 2A Dual Motor Controller 

● Dynapar Series E12 Encoder 

Microprocessors/sensors: 

● Arduino Mega ADK 

○ Arduino wifi shield 

■ micro sd card 2 gb 

● Atmega 168 chips (slaves) 

● MAX31855 PMB1 Thermocouple-to-Digital converter 

● HRLV-MaxSonar-EZ-Series 

● Pepperl + Fuchs Inductive Sensor NBB5-18GM50-E0 

Battery: 

● DeWalt 20V Max Premium XR 5.0 Ah Lithium Ion Battery 

PCB: 

● Designed from ExpressPCB software 

● Purchased from their website 
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ABET OUTCOME C: 
 

While designing and constructing the Sampler we learned how design within economic 

and safety constraints even though the only constraints that we really had were engineering 

constraints.  Our technical director took care of the economic constraints by buying all the parts 

we needed and presumably the only safety constraint that we had was to make sure that the thing 

didn’t blow up. 

To reduce the cwost of the overall product, our director had a lot of extra parts laying 

around his office. Specifically, we used the capacitors, a few chips, and the scrap metal that he 

already had. This was convenient when testing different parts because quite a bit of the 

components were on hand and we didn’t have to wait to get them. It also was great because our 

technical director did not have to buy some of the small things we used when testing and 

building the circuit. 

Other than basic engineering constraints, we did not have to deal with any budget or 

safety constraints. Our Director told us to develop a parts list and he would purchase the parts. 

Frequently he even found parts for us that were more expensive versions of the parts that we 

needed. The main components that took up most of the cost included the frame or structure of the 

Sampler which was made out of Aluminum. Aluminum is an expensive material and also is 

expensive to cut and design specific parts for. The encoder, Dynapar Series 12, was one of the 

more pricey components purchases for this project.  At first we had used a different version 

encoder which was cheaper but was eventually found out that the more expensive encoder 

functioned better and would have a more accurate and precise reading of the Sampler’s position. 

Another set of components that were included in the budget were the purchasing of the PCB’s 

because they were all custom and designed on a small scale, they had an increased cost.  

As far as safety constraints we were not particularly concerned with anything. The 

sampler is not inherently dangerous. Even if something in the power circuit shorted out and 

became dangerous, the sampler would cease to function, so it could be argued that functionality 

is a more pressing concern. There are sensors on the Sampler that prohibit it from colliding with 

people or the welders. This could be viewed as a safety concern, but again the Sampler would 
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not function properly if it was constantly colliding with objects. So functionality took priority 

and catering to that happened to also take care of any safety concerns that may have popped up.  
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Summary of Technical Accomplished by the TEAM as a whole: 
 

● Assembled a prototype on an old RC car 

● Tested out each individual component to ensure they all worked 

● PCB 

○ Began the PCB design using expressPCB software 

○ Researched pin inputs and outputs for every piece needed in the PCB 

■ Gained knowledge of what each pin is used for and where it should 

plugged into 

○ Draw detailed schematic with specific pin inputs and outputs 

■ Complete finalized typed printout for all the circuits and their pin layouts 

○ Combine the group pin inputs and outputs so there are no conflicting wires 

involved 

○ Found exact measurements for each component on pcb and placed into pcb for 

accurate readings 

○ Added resistors and capacitors into the design along with heat shields for voltage 

regulators 

● Data Collection and Transmission 

○ Wrote a communication protocol to allow the masters and slaves to transmit data 

between each other 

○ Wrote code to read in data from the slaves send it to the master. The master then 

sent the data to the web server slave which served the text file to the network 

○ Designed an app to display the collected data collected in a list format. 

● Project was a success 

○ As a team each member had reached his/her goals set from the beginning  

○ Project was completed as a prototype but is still not complete for industry use 
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My Individual Technical Contributions to-date by Jacob Findlay: 

 

● Assembled prototype on an old RC car that I had 

● Tested each component we had on the rc car to understand functionality 

○ Tested out the rc car with all components at once to see design at full operation 

● Helped Riley with some of the communication code between Arduinos 

● Designed PCB’s using expressPCB software 

○ Finished PCB design 

● Showed project director so he can give the approval to purchase 

○ Used the PCB in replacement of circuit boards on the sampler 

 

● Worked furthermore with Riley on the code to advance its capabilities and functions 

● Helped director with the structure of the design while it is being created 

● Analyzed test runs of the sampler once it was fully built 

○ Made changes to sampler after test runs are completed 

○ Finished last minute design changes to ensure sampler is fully operational with 

minimum glitches  
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My Individual Technical Contributions to-date by Jessica Hampson: 

● Pre-PCB 

○ Purchase parts for circuit 

○ Build circuit to make sure it functions properly 

■ Test each piece (component) individually 

■ Slowly combine parts to test them together on breadboard 

○ Used RC car to represent functionality of circuit board (prototype) 

■ Tested components on the RC car to be sure they will work as expected 

■ Used RC to test entire circuit, when put together to be sure it functions 

properly as a whole 

● PCB design 

○ Draw detailed schematic of each board needed for the design 

○ Draw designs on the computer 

○ Get director’s approval in the design of the board 

○ Print boards 

○ Analyze testing on the sampler once it is fully built 

○ Make sure everything runs smoothly and adjust any issues that come up during 

the testing process 
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My Individual Technical Contributions by Riley Tuttle: 

● Sampler behavior protocol 

○ Implemented only enough control to work as the demo. Focus was on the data 

collection, transmission, and app 

● Communication protocol 

○ Made a framework communication protocol that can be applied to the master and 

slave arduinos 

■ This allows the master to send commands and data to the slaves and the 

slaves to send data back to the master 

● Webserving 

○ Wrote code for an arduino Yun that is being used as the webserver slave. The 

master sends it all the data. It then saves the data to an sd card in a text file and is 

a webserver that serves that text file to the network. 

● App 

○ Wrote an app that connects to the webserver, reads in the text file and parses the 

text into an array of time, location, temperature groups. It then displays the values 

in a list format. 
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Details of Results and Discussions: 

Below are some pictures of results that include the multiple PCB’s that were designed and 

purchased. This includes the software pictures of the design and also the final product of the 

PCB.  
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Below is a picture of the sampler being tested on a mockup submarine ring. 
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Project Continuation: 

 

Assuming that another group was going to take over next year, there wouldn’t be much to 

complete based on what our goals were to be completed this semester. If our director were to add 

on other constraints or added components, then there could be work for the next year's capstone 

group.  The next team would have essentially the sampler with all the input and output already 

designed and working. The sampler does not have an array of locations to hit yet, so that could 

be done. The sampler only has one way communication with the tablet. Later on, if someone 

wanted to change this, it may mean redesigning the method of communication entirely because 

we just so happened to choose the first type of communication that worked. The tablet could also 

be a little more visually intuitive, with a model of a ring. Right now, the tablet is just listing the 

data. Some of the behavior of the sampler is not thoroughly designed, so decisions have to be 

made about how the sampler should behave in certain situations. Other improvements could be 

focusing on the durability of the Sampler, right now the Sampler even though it works, it is very 

fragile in terms of wires being disconnected and the code need to have more redundancies. 

Overall, the sampler is physically robust, but it is not very robust in terms of protocols. 

 

 

 

 

 

 

 

 

 

 

 

 

 

25 



References: 

 

● Motor Controller 

○ http://www.dfrobot.com/wiki/index.php/MD1.3_2A_Dual_Motor_Controller_SK

U_DRI0002 

● Thermocouple to Digital Converter 

○ http://datasheets.maximintegrated.com/en/ds/MAX31855.pdf 

● Encoder 

○ http://www.usdigital.com/products/encoders/incremental/rotary/shaft/H1 

● Counter chip 

○ http://hades.mech.northwestern.edu/index.php/Using_the_LS7166_Quadrature_C

ounter 

● Microcontroller 

○ https://www.arduino.cc/en/Main/ArduinoBoardMegaADK 

● Ultrasonic Sensor 

○ http://www.maxbotix.com/documents/HRLV-MaxSonar-EZ_Datasheet.pdf 

● Step-down Voltage Regulator 

○ http://datasheets.maximintegrated.com/en/ds/MAX5023-MAX5024.pdf 

● Battery connector 

○ http://www.ereplacementparts.com/dewalt-dcf885c2-type-20v-impact-driver-parts

-c-1009_9591_157719.html 

● Inductive Sensor 

○ http://www.farnell.com/datasheets/1449357.pdf 

 

 

 

 

 

 

26 

http://www.dfrobot.com/wiki/index.php/MD1.3_2A_Dual_Motor_Controller_SKU_DRI0002
http://www.dfrobot.com/wiki/index.php/MD1.3_2A_Dual_Motor_Controller_SKU_DRI0002
http://datasheets.maximintegrated.com/en/ds/MAX31855.pdf
http://www.usdigital.com/products/encoders/incremental/rotary/shaft/H1
http://hades.mech.northwestern.edu/index.php/Using_the_LS7166_Quadrature_Counter
http://hades.mech.northwestern.edu/index.php/Using_the_LS7166_Quadrature_Counter
https://www.arduino.cc/en/Main/ArduinoBoardMegaADK
http://www.maxbotix.com/documents/HRLV-MaxSonar-EZ_Datasheet.pdf
http://datasheets.maximintegrated.com/en/ds/MAX5023-MAX5024.pdf
http://www.ereplacementparts.com/dewalt-dcf885c2-type-20v-impact-driver-parts-c-1009_9591_157719.html
http://www.ereplacementparts.com/dewalt-dcf885c2-type-20v-impact-driver-parts-c-1009_9591_157719.html
http://www.farnell.com/datasheets/1449357.pdf


Gantt Chart: 
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